occurs when there is an abrupt change of flow in the penstock. Some possible causes leading to 48 water hammer include, among others, the startup (or shutdown) of hydro-turbine generator units, rapid change in transmission conditions, and opening and closure of valves [23] [24] [25] [26] [27] . Moreover, 50 high-intensity water hammer can lead to significant damages and even disruption of the 51 hydro-turbine governing system [28] [29] [30] [31] . The propagation process of water hammer occurring in the 52 penstock can be divided into four stages, i.e. the compression process, the recovery process, the 53 expansion process, and another recovery process. During the propagation process, frequent flow 54 changing in the penstock makes water hammer with different intensities arise continuously, which 55 leads to the stochastic change of the cross-sectional area A of the penstock. 56 In light of these considerations, four significant innovations are presented in this paper. First, 57 for a large hydropower station, we propose a stochastic model of the hydro-turbine governing 58 system. Moreover, as pioneering research, we reduce the stochastic model to its equivalent 59 deterministic model by using the Chebyshev polynomial approximation. Second, from numerical 60 experiments based on a large currently operating hydropower station, we verify that the stochastic 61 model is suitable for describing the behaviors of the hydro-turbine governing system in the 62 operational process. Third, the effect of the stochastic intensity D on the stability of the above 63 system is analyzed. Fourth, we present the laws of stable ranges of the hydro-turbine flow q, the 64 guide vane opening y, and the head loss h q at the hydro-turbine entrance under different conditions. 65 The rest of this paper is organized as follows. Section 1 presents the modeling process of the 66 hydro-turbine governing system. In Section 2, the stochastic model of the hydro-turbine governing 67 system and its simplified deterministic model are proposed. Numerical experiments along with 68 detailed analyses are presented in Section 3. Finally, Section 4 summarizes the results. 
where r h is the relative value of the rated head, t h is the relative value of the hydro-turbine head, f h is the friction head loss in the penstock, q h is the head loss at the hydro-turbine entrance, and 1 f is the friction factor of the penstock. The head loss q h , considering the elastic water hammer 76 effect, can be written as [4, 19] 84 where r Q is the rated flow, r H is the rated head, g is the acceleration of gravity, A is the 85 cross-sectional area of the penstock, and q is the relative value of the hydro-turbine flow.
86
For a synchronous generator system, a first-order mathematical model is used, which is in a transient process. In this paper, the output torque derived using the internal characteristics 98 method is described as [19] 2   2  3   2  2  3  2  0  2  3  01  01 01   2  2  2  0  01 continues to decrease, which is shown in Fig. 1 
151
The ( ) p u is illustrated in Fig. 2 . 
154
The stochastic variable c can be expressed as transform the stochastic hydro-turbine governing system into the deterministic hydro-turbine 159 governing system. The Chebyshev polynomial approximation is
161 and its recurrence relation is
163
In addition, the approximation property of the Chebyshev polynomial approximation can be 164 expressed as 
169
where N is the maximum number of Chebyshev polynomials. 
The nonlinear terms 
t U u q t U u q t q t U u U u q t q t U u U u y t U u y t U u y t U u y t y t U u U u y t y t U u U u
[ ]
183 where ( )
From the aforementioned analyses, the stochastic hydro-turbine governing system can be written as 
, and
If the value of variable N is assumed to be ¥ , Eq. 
The approximate responses of the stochastic hydro-turbine governing system are 195 The OTA method is used to make sensitivity analysis, namely that only one of the parameters is Table 2 The sensitivity results of the parameters for the hydropower station. 
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Conclusions

359
In this paper, we introduced a novel stochastic variable u to the mathematical modeling of a 360 hydro-turbine governing system, and we reduced the stochastic hydro-turbine governing system to a 361 deterministic system. Then assuming that a hydro-turbine governing system operates with the rated 362 load, the deterministic hydro-turbine governing system was investigated to determine the effect of 
